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ABSTRACT 
Introduction: Dual energy X-ray absorptiometry (DXA) scans are the gold 
standard method for measuring bone mineral density (BMD) calculations for the 
assessment and measurement of bone health. More recently, DXA scans have become the 
common method for body composition assessments among clinicians and researchers 
alike, particularly for its ability to separate soft tissue into and lean mass. This study was 
designed to calculate the percent coefficient variation (%CV) to determine the least 
significant change (LSC), or the variability considered significant when measuring BMD, 
fat mass, and lean mass with a DXA scan.  
Methods: Thirty-six female and 6 male, aged 50.07 ± 15.70 years, volunteered in 
the AP Lumbar Spine scan. Thirty-five female and 7 male, aged 49.81 ± 15.12 volunteered 
in the whole body scan. Any participant who was pregnant or trying to become pregnant 
was excluded from the study. Height and weight were measured, and date of birth and 
race was recorded. Body composition and BMD were measured using a Hologic 
Discovery QDR Series (Hologic, Inc, Bedford, MA) DXA densitometer. Each participant 
was scanned three times for each type of scan they volunteered for. Scans were taken 
consecutively by the same technician, and participants were removed from the table and 
repositioned immediately thereafter for the next scan. Results were calculated with the 
International Society of Clinical Densitometry’s (ISCD) calculator.  
Results: Overall average %CV came within a 1% error as reported by the 
manufacturer and individual %CV recommendations according to ISCD reports, with the 
exception of WB Visceral Adipose Tissue (VAT) with a 15.95% error. Of the variables 
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measured, only WB fat mass and lean mass had no outliers or measurements outside the 
recommended %CV as noted by either the manufacturer or ISCD.  
Conclusions: Although the average %CV met the manufacturers’ and ISCD 
recommendations many participants did not fall within the %CV distribution and or 
contained outliers within the distribution despite meeting the recommendations. In 
addition, WB VAT mass had the highest percent error. Regardless the cause of such 
variation in measurements is unclear, and requires further investigation.  
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CHAPTER ONE 
Literature Review 
Introduction: 
Dual Energy X-Ray Absorptiometry (DXA) scans use two X-ray beams of 
differing energy levels to measure bone density, and body composition. 1,2,3,4,5,6,7 DXA 
scans are widely accepted as the gold standard in measuring bone density, specific to the 
prediction, diagnosis, and management of osteoporosis.  However, in recent years, 
DXA’s whole body (WB) scan has become widely popular in measuring body 
composition as an assessment tool for exercise interventions, diagnosis and monitoring of 
sarcopenia, obesity, cancer, human immunodeficiency virus, and a tool for monitoring 
pharmaceutical therapies.4,7 Due to the quick and efficient measurements, and relatively 
low cost, densitometers has become quite popular in both the clinical and research 
settings.6 As a result, current literature on DXA scans have centered on measuring and 
comparing the precision and accuracy of DXA measurements between two types of DXA 
scanners, and how variations in measurements will impact clinical and research practices 
over time.   
Currently there are two types of DXA scanners,  fan beam that is divided into two 
sub groups, an older wide beam model and a newer narrow beam model, and a pencil 
beam. Fan beam models run the shortest scans, and create a better image by measuring 
body composition via a mulidetector linear array, or a wider X-ray beam.5,8,9 Narrow fan 
beams, use a rectilinear scan, which passes over the individual  multiple times, 
overlapping the previous scan to produce better bone depth, thus better imaging and 
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BMD measurements.10 In contrast, pencil beams use a single detector, where the scan 
passes through a narrow collimator to collect data in a “rectilinear pattern separated by a 
few millimeters over the longitudinal axis of the [individual]”.11  
Both types of DXA scans use two photon energies to distinguish bone from soft tissue 
from fat and lean mass. According to Frimeth J et al., the following equations are used to 
better explain how the beams are transported. 
     N! = N!!𝑒 !! !′∗  !!! !! !′ ∗  !!
And, 
N = N!𝑒! !! !∗  !!  !   !! !∗  !!
“Where the lower-energy photons are represented by the prime values, the mass 
attenuation coefficients (µ/ρ)s  and (µ/ρ)b are the soft tissue and bone,  Mb and Ms are 
bone and soft tissue, ” and ρ is the density of bone12. Edge detection algorithms are used 
to determine the bony structure of the body based in the initial pixels of bone edges.15 To 
determine bone mineral content (BMC) you will need to first solve for Mb, bone mineral 
density (BMD): 
 𝑀! = !" !!! ∗   !! !′!!" !!!!′ ∗   !! !!! !′ ∗   !! !!     !! !∗     !! !′
Therefore, BMC is calculated as, 
BMC (g) = Mb (g/cm2) * Area (cm2), 
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also written as, 14 
BMC (g) = BMD (g/cm2) * Area (cm2) 
DXA Radiation: 
Overall, DXA machines produce far less radiation than standard diagnostic 
imaging devices and environmental radiation. 5,6 A WB DXA scan exposes an individual 
to ~ 0.5µSv, compared to whole body CT scan with an exposure of 10,000 µSv, and when 
compared to the annual exposure of background radiation from food, water, and air of 
400 µSv,15 DXA scans expose an individual to a fraction of the radiation absorbed in the 
natural environment. Table 1.1 shows comparisons of radiation for routine imaging and 
daily exposure. One of the methods DXA manufactures use to reduce radiation is to 
shorten the duration of each scan. However when comparing the types of DXAs, fan 
beams will emanate a higher dose of radiation due to a higher X-ray flux5. Regardless of 
the low dose radiation emission, it is still recommended by the International Society of 
Clinical Densitometry (ISCD), the governing body for densitometers, that all females 
who are pregnant should not undergo scanning.  
DXA Whole Body ~ 0.5µSv 
DXA Lumbar Spine 30 µSv 
Food, Water, & Air 400 µSv 
7 Hour Flight 50 µSv 
Whole Body CT Scan 400.0 µSv 
Lumbar Lateral Spine X-ray 820.0 µSv 
Table 1.1: Comparisons of Radiation Exposure: Radiation comparisons between DXA 
scans, various diagnostic imaging, and environmental background radiation.5,6,15  
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Clinical Calculations: Understanding the importance of Least Significant Change: 
Quality Control: 
Universally DXA machines provide clinicians and researchers with the same 
outcomes, but the data and analysis can vary amongst one another, even among the same 
manufacture. As a result the ISCD advises technicians of each DXA facility to assess 
both precision and accuracy of their respective DXA machine by logging daily quality 
control assessments and measuring precision error. By doing so, the variation among 
scans and DXA machines, or least significant change (LSC) can be determined.12,14,16
Despite these standard recommendations, both technical and biological variables can 
influence these measurements,6,9,17-21 unintentionally causing negative impacts to clinical 
and research outcomes.6,22 
Quality control (QC) is "an administrative-technical process that involves 
measuring the performance of the machine, comparing the performance with existing 
standards, [and] performing any actions necessary to keep or regain conformance with 
these standards."23. The ISCD’s 2015 Positions Statements recommend that QC 
assessments should be conducted at least once a week, using the provided manufacture 
phantoms for system calibration to make sure machine measurements of the known 
phantom values fall in line with manufacturer quality assurance values. System 
calibrations should be plotted and reviewed to monitor changes in values, and based on 
these values a threshold should be set to address when the densitometer needs servicing 
for either mechanical maintenance or software updates. Additional QC testing should be 
conducted if servicing is done on a DXA to monitor manufacture baseline values.24  
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Currently there are two main manufactures of densitometers, Hologic Discovery 
and GE Lunar used for research. Each manufacture fan and pencil beam densitometers, 
however, both companies calculate BMD and body composition differently. Hangartner 
TN felt that the importance of ISCD recommendation to calculate LSC for each DXA 
machine neglected to address long term QC or machine stability. Based on a five-month 
pilot study, which showed a negative drift in QC values despite no change in the BMD 
values verses time, Hangartner TN built a phantom that removed edge detection to detect 
the slightest changes in BMD. The phantoms were built to accommodate a large range of 
BMD values to simulate in vivo scanning of multiple populations. Four block phantoms 
were built for the study, each made from a high-density mixture of hydroxyapatite in a 
water-equivalent plastic that was again encased in the water-equivalent plastic. Each 
block was measured to a tolerance of 0.001 inch at the plane surface, and the plane region 
densities ranged from 0.5 to 3.3 g/cm2 according to Lunar units, or 0.45 to 2.9 g/cm2 
according to Hologic units. The study was conducted using anterior-posterior lumbar 
spine protocol. Testing monitored four different fan beam DXA scanners, two Hologic 
and two GE Lunar, over a four-year period. Each densitometer underwent regular 
maintenance during the period, in addition to relocations, and Hologic densitometers 
upgrade from Delphi, an older model, to a Discovery model.  
Hangartner TN found that the maximum cumulative BMD change over time for 
GE/Lunar scans was -2.1%, which happened to equal the largest change from a single 
intervention, the realignment of the detector and collimator. The physical relocation of 
the GE/Lunar scanners to a different location caused the second largest change, 
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measuring an increase of 1.0% in BMD in one densitometer, and 3.0% increase of BMD 
change. In contrast, Hologic densitometers had an overall change of 0.3% within the 
four-year period. The largest changes in BMD were seen during the upgrade from Delphi 
to Discovery, 0.2 and 0.3%. There was a 0.1% BMD change due to the relocation of the 
densitometer.  
Considering the largest variation observed by Hangarter TN, -2.1%, and assuming 
a 2.8% variation, when applied to clinical and research practices 32% of participants 
would be classified as having bone loss, when in fact there was no change in BMD. The 
same would be true of the opposite, assuming the same variation, 32% of people would 
show as having gained BMD.  If the machine was stable no one would be classified with 
bone loss, and only 50% would be classified as gaining BMD.22  
The ISCD position statement on QC assumes that machine stability is unchanging 
over time, however Hangarter TN observed variations of 1.5% to -2.1% in just GE/ Lunar 
densitometers, which suggests that unnoticed drifts in QC values can be detrimental to 
DXA readings, as the slightest change in BMD is considered significant, even if the 
technician has a 1% precision error.22 Furthermore, Frimeth J et al. determine that the 
type of phantom used during QC measurements can effect BMD accuracy measurements 
in clinical practice.  
Precision Error and Least Significant Change:  
Unlike QC testing which assesses the mechanical stability through phantom 
measurements, precision assessments or precision error (PE) testing is done in vivo. 
Precision assessments measure the reproducibility of DXA results to include both 
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machine and technician performance7. The resulting PE calculations are then used to 
determine the variation of change in the measured value according to a 95% confidence 
interval or the LSC. Researchers and clinicians use the LSC to determine if the change 
observed in bone and musculoskeletal heath is significant.1,2,3,4,7,12,14,16,22,25,26  
The current procedure used to measure precision error is to conduct repetitive in 
vivo scans by the same technician, with repositioning of each participant between each 
scan. The population being tested should be representative of the population that will 
either be studied in the research setting or consist of the common patient of the medical 
facility.24 For the precision error testing to be valid, statistically the test should be 
conducted with a minimum of thirty degrees of freedom (d.f). This ensures the LSC will 
be able to be calculated at a 95% confidence interval.1,12,24,25,26  The d.f. are calculated as, 
   d.f. = (measurements/individuals-1) x individuals 
Therefore the sample size being tested, “n”, must either equal fifteen participants who are 
scanned three times, or equal to thirty participants who are scanned twice.   
The mean and root means squared standard deviation (RMS-SD) is then 
calculated for each participant through the ISCD calculator to determine the percent 
coefficient variation (%CV). The %CV is the RMS SD calculated as a percentage;27 it is 
also equal to the PE or typical error of a DXA scan.1,3,7,14,16 Based on the %CV the LSC 
can be determined. The LSC establishes what is considered a real change in BMD or 
body composition.7,14,26 In regards to chronic disease and BMD monitoring, the least 
significant change can aid in establishing the appropriate length between scans to assess 
“therapeutic efficacy or disease progression”.14 The LSC is calculated as,  
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LSC = Z′ * PE * √1 + 1 
                          n1   n2 
Where Z’ is the adjustment factor based on the required confidence level, and n1 and n2 
are the baseline and follow-up measurements. This calculation is based on the required 
95% confidence interval, in addition to a single baseline and follow up measurement. The 
above equation can then be simplified to,12,16 
LSC=2.77*PE 
 The interpretation of change observed through DXA imaging is as follow: if the 
change observed is equal to or greater than the LSC, then the change is considered 
significant; if the change observed fails to meet the above criteria, it considered 
insignificant.7,16,28 The change observed can be applied to both the measurements taken 
by DXA scans i.e. BMD and body composition changes, or it can be a reflection of 
medical, exercise, or dietary interventions.  
Statistical Analysis of DXA Results: 
DXA results are statistically compared against both Z- and T- scores. Both are 
considered standards “because they reflect the number of SDs the patient’s value lies 
from the average value in question.” 14 When interpreting the scores, a negative sign will 
appear if the person falls below the average, and the number will be left a positive if they 
meet or are above the average.14 
Z- scores compare participants to individuals within the same age range based on 
sex and ethnicity (black, white, or Hispanic).14,24 The given average is a predicted value 
according to the participants’ age.14  The Z-score is calculated as,12  
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Z-score = (BMDpatient – BMDage-matched reference) 
        SDage-matched reference      
 T-scores vary, in that they compare a participant based on sex to a young normal 
individual, or the average peak of bone density within an age group, without 
distinguishing race.  Therefore the T-score is calculated as, 12,14 
T-score = (BMD patient – BMD young-adult reference) 
     SD young-adult reference 
When measuring BMD, both the T-scores and the Z-scores are used in statistical 
analysis, however the T-score carries more weight because the World Health 
Organization (WHO) criteria for diagnosing bone health diseases is based on T-score 
analysis.29 According to the ISCD’s position statement on BMD analysis of the femoral 
neck and total hip, the data used to determine T-scores should be based on the NHANES 
III dataset. However, reference T-score standards for measurements of the lumbar spine 
should be compared to the manufacturer’s databases. Z-scores reference standards, rather, 
should be specific to the population being measured. ISCD recommends BMD analysis 
should be conducted with a Z-score if the participant is a female prior to menopause or a 
male younger than fifty years old. In this case the dataset used to determine Z-score 
analysis is not based on a study, but a local database of either the facility or 
manufacture’s data of those who have been scanned, the ISCD recommends that 
regardless of the dataset being used it must have adequate data. However, there is no 
literature that defines the size a dataset must be in order to be considered adequate to 
determine a Z-score.   
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 In terms of body composition, little literature exists with the exception of the 
ISCD position statements. In the case of body composition, T-scores are not used, but 
instead percentiles are used in its place along with Z-scores. According to the ISCD, the 
Z-score used to assess lean mass and fat mass values is produced by the NHANES’s 
1999-2004 dataset based on self-reported height and weight.  
Influencing Variables on Current ISCD Recommended Calculations: 
How densitometer units function has the most influence on PE and LSC values. 
Mechanical variations such as: radiation fluxes, decreased machine detection efficiency30, 
drifts in QC values14,22, differences and or faults in software and algorithms,9,12,14,17,31 and 
overall mechanical errors28 all contribute to the stability of the densitometer machine. As 
Hangartner TN previously observed and Leslie WD noted, the slightest of differences can 
have the greatest effect on clinical outcomes. Regular quality control testing can decrease 
the incidence of errors caused by normal mechanical wear and tear, but cannot prevent 
them entirely.    
Despite mechanical performance meeting manufacture guidelines, technician and 
biological influences however can contribute the most variability in PE and LSC 
measurements.28 A technicians’ skill is truly tested with PE testing. The calculation relies 
on accurate patient positioning, and the technicians’ ability to manually adjust and 
analyze DXA calculations appropriately.4,6,32 The significance of DXA results are 
directly derived from PE testing, therefore any technician error will have a direct effect 
on overall outcomes. Thus technicians must have the appropriate training to operate 
densitometer.   
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Biological influences are the hardest to control, but can be negated by individual 
facility standardization of participant scanning protocols.24 The current recommendations 
from the ISCD is to control participants’ fasting state, hydration status i.e. emptying 
bladder, water consumption, 24,31 The types of clothing worn during scans,4,33 the 
participants’ activity level, and the time of day each scan is taken. Nana A et al. found 
that food consumption as well as daily activities increased error for total and regional 
body composition, especially in the total and trunk lean mass, and in some cases leg lean 
mass. The same variables did not affect body fat estimations.  McNamara EA et al. found 
that heavy clothing worn during cold winter month can also increase measurement 
values, suggesting that light weight clothing such as hospital garments should be worn 
during scans. Additional biological influences such as surgical hardware and or fractures 
can also skew BMD measurements, 14 however it is up to the technicians’ ability to see 
such variations and interpret DXA results appropriately.  
Calculation and Procedure Variations: 
Although the ISCD provides procedures and a calculator spreadsheet to guide 
technicians on the care and use of densitometers, these procedures and calculations are 
recommendations, not standards as the residing government body for radiation safety 
where the facility is located has final authority.24,27  Multiple studies have been conducted 
to assure that the current practices in DXA scanning are both efficient and reliable. 
However some discrepancies have arisen between the recommendations that the ISCD 
puts forth in their position statements and literature.  
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While most literature is in agreement with the ISCD procedure of conducting 
precision assessments on the same day by the same technician, Leslie WD and Frimeth J 
et al. found the opposite to be true, finding that the LSC had the least amount of 
variability when participants were measured on different days by different technicians. 
Determining there was no clinical significance whether the same technician repeated 
scans on the same day or by different technicians on separate days. They too found that 
use of a single technician decreased the PE when conducting BMD on the lumbar spine 
but increased PE in total hip BMD assessments. 
The interpretation of the ISCD’s procedures can also vary between researchers 
and clinicians. The 2015 Position Statements released by the ISCD suggest that precision 
error testing be conducted by repetitive in vivo scans, but the position statements gave no 
definition on how long the technician should wait in-between scans. Further searching on 
the ISCD webpage, under the “Frequently Asked Questions” webpage, the ISCD states 
that repetitive scans should be conducted consecutively. Since this information is not a 
part of the official position statement, much of the literature is divided into two types of 
precision assessments, long-term and short-term assessments. Long-term assessments 
have been set up to assess annual changes in reliability and accuracy of densitometers, as 
well as to determine when follow up scans should be conducted in specific 
populations.16,22, Short-term assessments are conducted either the same day or within a 
few weeks’ time period to determine precision error.7,12 However many technicians have 
conducted their precision assessments with consecutive scans on the same day, and 
interestingly enough, despite the position statement’s unclear assessment duration, in the 
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“Frequently Asked Questions” section of the ISCD website the ISCD clearly iterates  
precision assessments should be done by consecutive measures on the same day by the 
same technician. Although the ISCD recommends that precision assessments be 
conducted in vivo and QC be conducted with phantoms, the literature shows that 
precision assessments have been conducted with use of phantoms and or in vivo to 
determine reproducibility and reliability.  
Assessments come into further scrutiny, when addressing the time in-between 
scans for patient diagnosis and monitor therapeutic interventions. Physiological changes 
can take time to occur, as changes can be missed if the duration between scans becomes 
too long. Lenora J et al. suggests scheduling follow up DXA scans on a case by case 
basis, according the anticipated changes of each individual. For example, unless rapid 
BMD changes are anticipated due to immobilizations, osteoporosis, glucocorticoid 
therapy, hyperparathyroidism, etc., the duration in-between scans should be based on PE 
testing and expected bone loss.  
In addition to procedural differences, there are mathematical differences in how 
the LSC is calculated. The ISCD provides a Microsoft Excel worksheet with the 
appropriate formulas to calculate the precision error and least significant change to meet 
the recommended thirty degrees of freedom and a 95% confidence interval. As discussed 
above, the ISCD uses the LSC to determine if the variability between measurements is 
significant, however, according to El Maghraoui A et al., the smallest detectable 
difference (SDD) is considered more useful in clinical practice than the LSC. The SDD 
represents individual cut-off measurements that provide an “absolute and metric estimate 
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of random measurement error.” Therefore the SDD calculates the variability within the 
standard deviation of different estimates.7 However there is some confusion in the 
literature, unlike El Maghraoui A et al. whom make a distinction between LSC and SDD 
calculations, Lenora J et al. considers the LSC and SDD to be the same. In other literature 
the Intraclass Correlation Coefficient (ICC) calculation has been used either in place of 
the LSC to calculate variance, or alongside the LSC to measure the test-retest 
reliability.1,31 Regardless of the statistical variations in calculating the LSC or PE, all 
calculations are correct when used appropriately.  
Bone Mineral Density: 
 DXA scans have become the gold standard for measuring BMD for the 
management, diagnosis, and treatment of osteoporosis and spinal fractures.3,4,7 The World 
Health Organizations (WHO) puts forth the guidelines for diagnosis of osteoporosis 
according to the statistical analysis of T-scores created by DXA BMD 
measurements.14,24,25,34 Therefore understanding how DXA machines calculate BMD, and 
the best methods to calculate BMD is essential for the proper diagnosis, treatment, 
management of osteoporotic patients and researchers observing changes in bone health.  
 According to the 2015 ISCD Position Statements, the WHO currently has three 
major regions of interest used to monitor and evaluate bone health in individuals: the 
lumbar spine, the total hip, and the femoral neck.14 Previous research, have also included 
the greater trochanter as a region of interest in evaluation of bone health, but the ISCD’s 
2015 Position Statement clearly states that the greater trochanter, Wards area, and other 
regions of interest of the hip should not be used for the diagnosis of osteoporosis.26 In the 
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case an individual has hyperparathyroidism, the spine and or hip measurements cannot be 
interpreted, or if the patient is obese the 33% radius or one third radius diagnosis method 
should be used to diagnose osteoporosis in the non-dominate forearm. PA spinal and hip 
scans can also be used for the diagnosis of osteoporosis, but the lateral spine scan should 
only be used for the monitoring of osteoporosis.24  
According to Bonnick SL, the lumbar spine (L1-L4) is ideal for BMD 
assessments, however it is also susceptible to the most biological changes such as 
fractures and degenerative disease, which may skew BMD measurements and lead to 
inaccurate BMD interpretations. Therefore it is recommended to eliminate affected 
vertebrae, or vertebrae that are anatomically abnormal in the analysis of BMD, however 
the diagnosis of osteoporosis cannot be based on one vertebrae.24 The femoral neck tends 
to be less efficient in diagnosis osteoporosis when compared to the other regions of 
interest, however, because the hip is less susceptible to degenerative changes, the total 
hip and femoral neck assessments are used in the diagnosis of osteoporosis. The clearer 
DXA scan image of the total hip measurement is favored over the lumbar spine scan  
however, unlike the lumbar spine, the total hip  is slower at reflecting changes in BMD.12 
Therefore the lumbar spine the preferred measurement to determine the efficacy medical 
interventions on osteoporosis and the progression of the disease.  
The WHO diagnoses an individual osteoporotic when that they have a T-score of 
-2.5 or less at the femoral neck. If the individual is either premenopausal woman or a man 
below the age of 50, diagnosis of osteoporosis can be given if they have a T-score less 
than -2.5 at the lumbar spine, total hip, or femoral neck. As stated in the statistical 
 16 
analysis section, the T-Score data is based off the NHANES III dataset based on a white 
female between the ages of 20 and 29 years old.24 For the T-score interpretation to be 
considered accurate by the ISCD, they have determined specific %CV and LSC 
minimum requirements for the preferred regions of interest. Respectively the lumbar 
spine must have 1.9 % CV and a 5.3% LSC, the total hip must have a 1.8% CV and a 
5.0% LSC, and the femoral neck must have a 2.5% CV and a 6.9% LSC.   
Leslie WD and Frimeth J et al. have observed a general underestimation of overall 
BMD during PE assessments. Leslie WD conducted an in vivo PE test to assess the 
influence contributing to BMD measurements. Leslie attested the underestimation of 
BMD to same day repetitive scans being conducted by the same technician. Leslie WD’s 
results suggested that same day short-term assessments neglected to recognize changes in 
abdominal content (tissue thickness and bowel movements), calibration shifts, and 
clothing differences. Frimeth J et al. conducted an in vivo PE assessment and an accuracy 
study using phantom models. However, Frimeth J et al. discovered an underestimation in 
BMD when conducting the accuracy study via a phantom model. Frimeth J et al. 
hypothesized that the underestimation in BMD accounted for water density. The 
following formula was used to test the hypothesis, 
  𝑀!"#$%&'" =    𝜌!! −   𝜌!!!   𝑉!! 
where ρA1 and 𝜌!!!  are the densities of the aluminum of the phantom and water, and VA1 
is the volume of the phantom. Frimeth J et al. confirmed the hypothesis when the BMD 
equated to zero after calculations. Leslie WD and Frimeth J et al. both suggest that 
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underestimations of BMD can alter LSC values and cause an overestimation of BMD 
change, potentially misdiagnosing or mistreating individuals with osteoporosis.  
Body Composition: 
 Less literature is available for the LSC change of body composition 
measurements in DXA scanners. Current literature focuses on determining the reliability 
and accuracy of DXA scans when measuring body composition of active and obese 
individuals, less research is available for non-active individuals. Due to DXA’s quick, 
minimally invasive, and accurate body measurements, clinicians and researchers alike 
have turned to DXA’s three compartment model (bone mineral content, fat mass, and 
lean mass) of body composition measurements over the traditional four compartment  
model (fat mass, lean mass, total body water, body volume) to measure body 
composition.2,35 Researchers have studied how the three and four compartment models 
compare to one another, and assess the differences and reliability of traditional body 
composition measurement methods to DXA scans.  
As previously stated, DXA scan measurements distinguish between bone mass 
and soft tissue mass. Dividing the soft tissue into both fat mass and lean mass, with 
additional sub measurements of adiposity into visceral adipose tissue (VAT) and 
subcutaneous fat. Micklesfield LK et al. conducted a study on 272 South African female ( 
29.1 ± 8.3 years, 133 black and 139 white, and BMI 28.3±6.7 kg/m2). VAT was 
calculated by estimating the subcutaneous abdominal fat, through the measurements of 
subcutaneous fat located on the sides of the abdominal wall. Therefore, VAT is 
calculated by taking the estimated amount of subcutaneous fat and subtracting from the 
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total fat in the abdominal cavity. These measurements were then analyzed against 
computed tomography scans, which are traditionally used for VAT measurements, and 
found they were highly correlated at r=0.93 and that DXA measurements were linearly 
related to traditional models.36,37 
 The ISCD 2015 Position Statement on body composition is somewhat vague. 
There are currently no recommended phantoms to be used for QC assessments so PE 
testing is the only source of baseline data for a technician to follow.24 Of the multiple 
body composition measurements that DXA scans provide: VAT, appendicular lean mass, 
android/gynoid percent fat ratio, trunk and leg fat mass ration, and lean mass index, the 
ISCD only provides three concrete % CV measurements (3% for total fat mass, 2% for 
total lean mass, and 2% for percent fat mass) when comparing PE assessments.  
Much of the current literature regarding body composition assessments is in 
active individuals.  Nana A et al. suggests that there are three main areas of research 
being studied: 1) to observe physique associations with different sports and positions of 
the same sport, 2) comparing various methods of body composition measurements,31,38-41 
as an assessment tool to measure an athlete’s suitability to participate in a sport.42 Having 
the appropriate ratio of lean mass to fat mass is imperative to an athlete’s metabolic 
function. For example, an athlete with too high of fat mass will decrease the efficiency of 
energy utilized during activity, whereas too little fat mass can be associated with health 
disorders such as the female athlete triad, described as having low BMD, amenorrhea, 
and disordered eating. Therefore a high lean mass to a low fat mass ratio is favored 
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among most athletes, thus accurate measurements of body composition are necessary to 
monitor changes.2  
Body composition studies conducted with phantoms with known values for lean 
mass, fat mass, and bone mass, have revealed that fan and pencil beam DXA scanners 
have accurate lean mass measurements, but poorer fat mass measurements.43 
Additionally, research suggests that pencil beams may have poorer reliability measures 
overall.10 Research has found that variability of body composition measurements are 
based on body type. Beuhring B et al. in vivo study concluded that males have a higher 
variability than females, and lean individuals regardless of gender had greater variability 
in fat and total mass measurements. Other research has observed similar results with 
underestimation of fat mass in individual with small lean mass.10,44-46 This is comparable 
to Toombs RJ et al. 2012 research, which found underestimations of body fat mass in 
DXA scans when compared to the four compartment method. Using DXA for body 
composition measurements compares to traditional models of: Seven Site Skin Fold, 
bioelectrical impedance analysis (BIA), air displacement plethysmography, soccer-
specific formula, or estimated sport-specific prediction equations. Overall, DXA scans 
have provided better estimations of body composition components, and of the traditional 
methods skinfold measurements, with proper training, would be the most reliable 
traditional method for body fat measurements.31 
Research conducted in obese populations tends to differ in opinion regarding the 
reliability and accuracy of DXA scans. Traditionally, older studies have found that 
individuals with a higher BMI and percent body fat tend to increase PE, thus increase 
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LSC measurements in both body composition and BMD assessments.3 Interestingly 
enough, studies conducted in athletic populations also saw an increase in variability as 
body mass increased; in a nonlinear relationship, larger body mass equated to a greater 
RMS SD and lower % CV.2,31 PE assessments measuring body composition using a GE 
Lunar iDXA densitometer, have seen an improvement in PE values, and better results in 
body composition measurements for all body types.1,4 However, Libber J et al. found that 
regardless of body type, the auto analysis of the GE Lunar iDXA had a higher PE, than 
when assessments were manual conducted by a technician through the DXA software. 
This supports arguments made by other researchers that mechanical components of DXA 
machines do contribute to overall LSC values by influencing PE assessments, thus 
supporting ISCD’s recommendations for QC testing .6,9,17,22  
Libber J et al. reported that body positioning was equally important in body 
composition assessments for diverse populations, which follows ISCD 2015 Position 
Statement recommendations to create standardized patient positioning procedures. Libber 
J et al. followed basic GE positioning recommendations to lay the participant straight and 
centered on the scanning table with knees and ankles bound by a Velcro strap, chin in a 
neutral position, to avoid forward flexion of the neck.  According to Libber J et al., 
forward flexion of the neck can alter android and gynoid region size and alter trunk and 
arm region of interests. Additional facility positional procedures were applied for body 
composition measurements, including the elimination of any outside artifacts such as 
pillows, sponges, and solid positioners, in addition to limiting participants’ clothing to 
hospital garments, T-shirts, shorts, and pants. Participants were also asked to remove any 
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metal artifacts on them. Participants were further adjusted to accommodate whether or 
not their body fit onto the scanning table.  
For individuals who exceed the width of the table three options are given. First 
the hand placement can be adjusted to that the palms are facing the body in a vertical 
position. Second, the individual can be bound by a sheet to compress the arms to the 
body, and asked to depress their arms downward towards their feet to prevent rounded 
shoulders. Lastly, the “Offset- Scanning” method recommended by the ISCD to estimate 
the body composition of one side of the body based on the measurements of the opposite 
side of the body can be used. 24,47,48  
Different adjustments were made for those participants who were too long to fit 
on the scanning table. Since little change in body composition is expected in the cranium, 
the head was eliminated from the scanning field so that the feet were included. Scans 
were to begin from the forehead and below, at minimum the mandible or jaw line should 
be included in scan.4  
Conclusion: 
DXA scans have a promising future in both clinical and research facilities. As 
more research is being conducted on understanding the variables associated with 
influencing PE assessment, stronger LSC values can then be determined, thus improving 
clinical and research recommendations and patient outcomes. Allowing DXA scans to 
become more versatile and accommodating to various populations and body types.  
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CHAPTER TWO 
Precision Error Assessment  
And 
Least Significant Change Calculations 
Introduction: 
Calculations of least significant change (LSC) between dual energy X-ray 
absorptiometry (DXA) scans ensures technicians appropriate interpretations of clinical 
and research interventions. The LSC value is based off an assessment to determine the 
combination of machine and technician efficiency called a precision error (PE) 
assessment.7 To calculate the PE, the International Society of Clinical Densitometry 
(ISCD) uses a method called root mean squared standard deviation (RMS SD).27 The 
resulting PE calculation is equal to the RMS SD, and is presented as a percent with the 
percent coefficient variation (% CV).1,3,7,14,16, Based on the ISCD 2015 Position 
Statement, the LSC is determined according to a 95% confidence interval with thirty 
degrees of freedom. Therefore the LSC is then calculated as, 
LSC = 2.77 * PE 
Variation of change is considered significant when the subsequent scan of the same 
participant and region(s) of interest shows an equal or greater measurement change 
compared to the LSC.7,26,28  
 DXA measurements have become a gold standard for bone mineral density 
(BMD) assessments in the diagnosis of osteoporosis, fracture risks, and overall bone 
health.3,4,7 As a result many researchers have measured and verified the reliability, 
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reproducibility, and validity of BMD DXA scans through PE assessments, but little 
research is available regarding the LSC of DXA scans6,22 Furthermore, the utilization of 
DXA scans for body composition analysis is still new in comparison to its use as an 
assessment tool for bone health. Therefore, research discussing the LSC body 
composition and its components are sparse, specifically the components of fat mass.  
Studies that have explored the LSC of DXA’s body composition analysis have 
mostly measured persons in active populations or in obese populations.1,2,3,6,49 Fewer 
studies have measured body composition in non-active individuals. Research in both 
populations have found that increased body mass has contributed to increased PE 
measurements. Where as research in athletic populations have found am underestimation 
of fat mass calculations in lean mass individuals. Both contributing to skewed LSC 
values.2, 3,31   
The aim of this study was to determine the LSC, or the least amount of variation 
considered significant when measuring body composition and bone mineral density of the 
AP Lumbar Spine with a Hologic Discovery DXA scanner in a moderately active to non-
active population. For the purpose of this study, body composition is defined as bone 
mass, fat mass, and lean mass, 2,6,22,49 Additionally, fat mass will be measured in 
components of whole body (WB)- VAT mass, WB- percent body fat, and WB- total fat 
mass.  
Methods: 
  Forty-six adults volunteered in the study, 39 female participants and 7 
male participants (Table 2.1) Female volunteers were excluded if they were pregnant or 
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trying to become pregnant. All participants were asked to wear metal free clothing and to 
remove any metal from the body before testing. If needed, participants were given 
medical scrubs if their clothing contained metal. All scans were conducted consecutively 
by one technician on a Hologic Discovery A  densitometer. .  
 
Table 2.1: Anthropometric data of sample population based on type of scan participants 
volunteered for 
Scan Sample 
(n) 
Age 
(years) 
Weight 
(Kg) 
Height 
(m) 
BMI 
(Kg/m2) 
Race/ 
Ethnicity 
AP Lumbar 
Spine 
36 Female 
6 Male 
50.07 
± 15.70 
72.27 
± 17.94 
1.65 
± 0.0605 
26.635 
± 6.10 
40 White 
2 Black 
Whole Body  35 Female 
7 Male 
49.81 
± 15.12 
71.42  
± 17.12 
1.65 
± 0.0669 
26.15 
± 5.33 
41 White 
1 Black 
 
 
 All participants had their height and weight measured, and date of birth recorded 
to compare results to normative data. Participants volunteered for one or both sets of 
scans. During each session, participants were asked to repeat each scan three times. For 
each scan, the participant was positioned by the technician, asked to lay still during the 
scan, and at the conclusion of the scan the participant was asked to get off the scan table 
so that they could be repositioned on the table for subsequent scans.   
For body composition assessment each participant lay supine on the scanning 
table, so the back of their legs were flat on the table and their arms were rested by their 
side with their palms facing down. The participants’ feet were repositioned so that their 
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hips were internally rotated to separate their heels to ensure the differentiation of right 
and left leg. 
To assess bone mineral density, participants completed an AP Lumbar Spine scan. 
Participants were first asked to lay supine on the table. The technician then positioned the 
participants’ legs onto a rectangular bolster pad to place their knees and hips at a 90º 
angle. The technician then placed a bolster pad under the participants’ head so their arms 
could be repositioned to a comfortable position above their head.  
Approval for the Institutional Review Board was obtained and all volunteers 
consented to participate in the research project. Data was collected and inputted into the 
International Society for Clinical Densitometry’s precision calculator that returns values 
that correspond to the 95% confidence interval for individual DXA scanners.   
Statistical Analysis:  
 Precision error assessment and LSC calculations were done using the ISCD 
spreadsheet, which uses the RMS SD method.27 Analysis of  %CV was done by 
comparing absolute %CV values to ISCD’s RMS SD values. To calculate the absolute 
CV, the average value for each standard measurement and SD was calculated. Absolute 
%CV values were calculated by summating the CV’s, dividing by “n”, the number of 
participants in the sample, and then multiplying the entire value by 100.  
Therefore the absolute %CV was calculated as,   
%CV =   𝜎𝒾𝜇𝒾   !𝒾!!𝑛    𝑥  100 
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Which can be simplified as,  
%CV =    𝐶𝑉𝒾!𝒾!!𝑛 𝑥  100 
ISCD’s recommended method to calculate CV, RMS SD differs from absolute 
calculations by preventing the underestimation of overall variability by converting 
negative values to positive values. Therefore it is calculated as, 
%CV =      𝜎𝒾𝜇𝒾    !!𝒾!! 𝑛
½ 𝑥  100 
Simplified, the equation is written as,  
%CV =      𝐶𝑉𝒾 !!𝒾!! 𝑛 ½ 𝑥  100 
 Distribution analysis of %CV and overlay plots of individual participant scans 
were done using JMP® Pro 10 (SAS Institute Inc., Cary, NC, USA).  Specific sensitivity 
analysis on outliers was not conducted due to: 1) anytime an outlier is removed the %CV 
always becomes smaller, 2) with a small sample size, the remaining one or two point has 
no significance on calculations, and 3) this is not appropriate because according to 
observations, some individuals will cause outliers and they need to be taken into account.  
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Results:  
 The average BMD for AP Spine and WB- BMD following ISCD RMS SD 
calculations were 0.00134 ± 0.012 g/cm2 and 8.24*10-5  ± 0.01 g/cm2 respectively. In 
contrast, the average absolute values for AP Spine and WB-BMD were 0.99466 ± 
0.011g/cm2 and 1.03 ± 0.01 g/cm2 respectively. The average values for ISCD RMS SD 
calculations for fat mass, VAT mass, lean mass, lean +BMC mass, and total mass were 
88,137 ± 296.88 g, 6,092.07 ± 78.05 g, 114,327.03 ± 338.15 g, 119,128.54 ± 345.15 g, 
and 71,522.26 ± 267.44 g respectively. The average absolute values for fat mass, VAT 
mass, lean mass, lean + BMC mass, and total mass were 25060.09 ± 263.45 g, 377.29 ± 
38.87 g, 44396.67 ± 304.84 g, 46930.35 ± 313.37 g, and 46930.35 ± 313.37 g. Percent 
body fat averaged 0.17 ± 0.41% according to RMS SD calculations, and 34.56 ± 0.37% 
according to absolute calculations. Figure 2.1: Panels A-H reports absolute average 
values, and Table 2.2 compares average absolute calculations to RMS SD calculations. 
 Average %CV for both absolute and ISCD RMS SD measurements are also 
reported in Table 2.2. DXA scans for WB- Bone Area, WB- BMD, WB- Lean Mass + 
Bone Mineral Content (BMC), WB- Lean Mass, and WB- Total Mass measured less than 
1% of coefficient variation, whereas AP Spine BMD, WB- Bone Mass, WB-Fat Mass, 
and WB-Percent Body Fat were just over 1%, between 1.07- 1.3% coefficient variation.  
WB- VAT Mass, however, had a significantly higher %CV of 15.95%.  
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Table 2.2 Absolute verses RMS SD Calculations: Comparison of %CV values between 
absolute calculations and ISCD calculator using the RMS SD method27. 
             Absolute Measurements*        ISCD Calculator (RMS SD)** 
Scan Mean (SD) % CV Mean (SD) %CV 
WB- Fat Mass 25060.09 (263.45) g 1.15 88,137 (296.88) g 1.28 
WB- VAT Mass 377.29 (38.87) g 10.55 6,092.07 (78.05) g 15.95 
WB- % Body 
Fat† 34.56 (0.37)% 1.15 0.17 (0.41)% 1.30 
WB- Lean 
Mass†† 44396.67 (304.84) g 0.70 114,327.03 (338.12) g 0.78 
WB- Lean Mass 
+ BMC Mass 46930.35 (313.37) g 0.68 119,128.54 (345.15) g 0.75 
WB- Total Mass 71985.40 (220.24) g 0.30 71,522.26 (267.44) g 0.35 
WB- BMD 1.03 (0.01) g/cm2 0.74 8.24*10-5 (0.01) g/cm2 0.86 
AP Spine BMD 0.99466 (0.011) g/cm2 1.10 0.00134 (0.012) g/cm2 1.19 
-Bone Mineral Density (BMD)  
-Bone Mineral Content (BMC)                                   
-Percent Coefficient Variance (%CV)                                 
-Root Means Squared (RMS SD) 
-Standard Deviation (SD)                                           
-Whole Body (WB) 
* %CV =   !𝒾!𝒾   !𝒾!!!    𝑥  100 
** %CV =      !𝒾!𝒾    !!𝒾!! ! ½ 𝑥  100 
† Calculated by Fat Mass/ Total Mass                                                                         
††Calculated by (Lean Mass + BMC) / Bone Mass 
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Figure 2.1 Standard Measurement Averages: Panels A-H are the average ± SD between 
three consecutive measures. Panels A-G were conducted following Hologic whole body 
scanning procedures. Panel H followed Hologic AP Lumbar Spine scanning procedure.    
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Figure 2.2 Comparison of %CV for All Standard Measurements: All %CV calculated 
according to ISCD recommend RMS SD calculation method. 24, 27 
 
All %CV distribution measurements are compared to one another in Table 2.3. 
Showing values that sit outside of Holgic and or ISCD recommended %CV boundaries, 
and whether a statistical outlier was observed. Note: Each outlier was a different 
participant across measurements. WB- Fat mass, WB- Lean Mass, Percent Body Fat, 
Lean Mass + BMC Mass, and Lean Mass had no statistical outliers.  WB- Lean Mass and 
WB- Fat Mass had no participants distributed past the recommend 2% and 3%CV by 
ISCD. AP Spine BMD’s CV distribution was ~41% past the recommended 1.19%CV by 
ISCD. WB- Percent Body Fat CV distribution had 7% of values out of the recommended 
2% CV. WB- Bone Area, WB- Bone Mass, WB- BMD, WB- VAT Mass, and WB- Total 
Mass all contained statistical outliers, with WB-VAT Mass containing the highest 
number with 6 outliers. When comparing the distributions against the 1% CV 
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recommendation of Hologic, all standard measurements contained participants out of 
bounds of the 1% recommendation with the exception of WB- Total Mass.  
 
Table 2.3 Comparison of %CV Distributions: Distribution comparison of recommended 
%CV according to Hologic and ISCD parameters and outliers in dataset. 
 
Scans Percent Outside of ISCD Boundary  
Percent Outside 
Hologic Boundary* Outliers 
WB- Fat Mass† 0 56% 0 
WB- VAT Mass - 14% 6 
WB- % Body Fat†† 7% 58% 0 
WB- Lean Mass†† 0 27% 0 
WB- Lean Mass +  
BMC Mass - 22% 0 
WB- Total Mass - 0 1 
WB- BMD - 21% 3 
AP Spine BMD††† ~41% 61% 0 
*General Hologic Discovery guideline is 1% CV for measurements, but not guaranteed 
WB-VAT Mass & BMD – ISCD recommendation to use manufacturer recommendation 
†WB- Fat Mass- ISCD recommendation of 3% CV 
††WB- Total Lean Mass and % Body Fat- ISCD Recommendation 2% CV 
†††AP-Spine BMD – ISCD recommend 1.19% CV 
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Figure 2.3 Distribution of %CV for Each Standard Measure: Panels A-H show a 
distribution of %CV based on ISCD RMS SD calculation method. The whiskers 
represent the minimum and maximum value of the dataset. The box indicates the upper 
and lower quartile, and the line in the box indicates the median or 50% of where the 
values lie. Any points past the minimum or maximum values are consider statistical 
outliers. The diamond represents the mean values of the dataset. Analysis conducted on 
JMP® Pro 10 (SAS Institute Inc., Cary, NC, USA).  
 
 
 
 
 
A. Fat Mass Distribution- Recommendations: 1%CV Hologic; 3% ISCD 
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B. Visceral Adipose Tissue Mass- Recommendations: 1%CV Hologic 
 
 
 
 
 
C. Percent Body Fat- Recommendations: 1%CV Holgoic; 2%CV ISCD 
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D. Lean Mass-Recommendations: 1%CV Hologic; 2% CV ISCD  
	  
 
E. Lean + BMC Mass- Recommendations: 1%CV Hologic  
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F. Total Mass- Recommendations 1%CV Hologic  
	  
	  
	  
 
G. WB- BMD-­‐	  Recommendations:	  1%CV	  Hologic  
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H. AP Spine BMD- Recommendations: %CV Hologic; 1.19%CV ISCD recommend 
 
 
  
Figure 2.4 Contains overlay graphs mapping across individual DXA scan 
comparisons of the three consecutive scans of each standard measurement. With the 
exception of WB- Total Mass, which has all three measurements align on top of one 
another, all other standard measurements presented with some participants that had 
variations within their three scans. Not all variations were large, however many visibly 
showed at least one distinct point that did not overlap with the previous two scans. 
Important to note, that not all participants with variations in scans were considered 
statistical outliers in the coefficient variation distribution analysis. 
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Figure 2.4 Overlay Graphs of Individual Participant Scans: Panels A – H show how each 
participants’ three consecutive scan compared against each other.  
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Discussion:  
 The most variations observed in this study were among the components of body 
composition; specifically with VAT Mass. Current research in body composition is 
structured around the general measurement of lean mass and fat mass as a whole. There is 
no literature that provides an analysis of VAT Mass standard errors. Hologic defends its 
VAT measurements against traditional tomography imaging, stating in their Visceral Fat 
Evaluation and Clinical Significance report that measurements between the two machines 
were highly correlated at r = 0.93.36,37  
This study was conducted as the first round of scanning since the purchase of the 
Hologic densitometer. Due to the disparity in the WB- VAT Mass calculations, absolute 
calculations of PE and CV were conduction to compare against the ISCD’s recommended 
RMS SD to assess if formulas were correctly used. Statistical analysis shows a slight 
difference between the calculations of absolute value and the RMS SD method with the 
exception of VAT. Despite the difference, both methods were consistent in presenting a 
significant variation in WB-VAT mass. Lending us to believe that it’s not the method 
used to calculate PE and %CV, but rather a combination of an individual biological or 
mechanical component that is causing the variation in calculations.  
Statistical analysis then turned to the distributions of CV to assess the frequency of 
which the recommended %CV was met during testing. In our observations, the 
distribution of CV’s contains more information about the behavior and validity of 
measurements than any one summary of the CV regardless of how the overall CV was 
calculated. When looking at VAT, although the measurement had the highest % CV, the 
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CV distribution analysis of WB-VAT Mass had the least percentage of participants that 
fell out of the boundaries of Hologic’s recommended 1% CV, at 14%. Especially when 
compared to WB- Percent Body Fat and WB- Fat Mass, which both had greater than 50% 
of participants above Hologic’s recommended 1% CV. Regardless, the distribution chart 
still did not explain why WB- VAT Mass had the highest %CV; but showed six outlying 
participants. Further analysis of age, sex, ethnicity, total body fat, body mass index, and 
android and gynoid ratio did not explain why these six participants did not meet the 
recommended %CV.  
   Current DXA measurements of VAT suggest significant inaccuracies in results, 
which can have an unintentional negative impact towards clinical recommendations and 
research outcomes. Researchers suggest that variations in LSC can be attributed to 
mechanical variables such as the type of phantom being used to standardize the 
machinery, the software calculating the measurements, and the specific type DXA scan, 
either pencil or fan beam.2,12,25  Other researchers look to study the biological and 
environmental variables such as fluid balance, food consumption, type of clothing being 
worn during the scans, participant body positioning, and menstruation cycles.6,9,18-21,33 
that contribute to PE calculations and overall LSC analysis. Also, we had one participant 
who did not fit on the scanning table, and therefore estimations needed to be calculated of 
the missing data by the DXA machine itself. This is becoming a growing concern with 
the study of body composition in obese participants. The iDXA was created to have a 
better algorithm for estimating missing data, however there is no current quality control 
assessment or standard in the literature to verify the accuracy of these estimations. 
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To control for such variables, Hangarter TN suggests always updating the software 
and getting regular service checks by the manufacturer. ISCD 2015 position statements 
recommend following manufacturer body placement procedures for each facility, or 
creating a specific body placement procedure for the facility.1,4 ISCD also recommends 
that participants be scanned by the same technician, especially if more than one DXA 
technician conducts scans in a single facility. In addition, each technician should conduct 
their own PE and LSC assessments, so that the participants whom they scan can be 
compared to the individual technician’s LSC and not that of another person. Although 
some researchers have found the opposite of ISCD’s recommendation of a single 
technician to be true,12,25 there is not enough research to suggest that using different 
technicians to measure same participants is beneficial to overall LSC outcomes. Some 
researchers such as Bilsborough JC et al., had participants follow food and hydration 
protocols before testing, which they verified through urine specific gravity testing, 
however such protocols are facility established and not a procedure from the ISCD.  
Overall, better standardization of DXA scans is needed to control for variables. 
As it stands now in the literature, as long as a facility standardizes their densitometers to 
themselves and the quality control assessment recommendations provided by the 
manufacturer, the DXA scans are held as accurate. However, as Hangarter TN’s research 
pointed out, quality control values can drift over time even if the fitted line for BMD 
values verses time appears normal. Algorithms to measure BMD per each manufacturer 
are different as well,22 which makes even comparing results from machine to machine 
difficult.  
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Least Significant Change assessments are conducted to compare the variations of 
densitometers between facilities and between consecutive measurements of the same 
participant. However, with the lack of standardization, it becomes difficult to compare 
densitometer measurements against each other, even among the same type of scan within 
the same manufacturer. This may directly affect Z-score statistical analysis, which is the 
ISCD’s preferred reporting method for BMD in women premenopausal and men younger 
than fifty years old. According to the ISCD, Z-scores are created through manufacturer 
databases or a facility’s database, in order to compare participants to age matched 
analysis 14,24 As Hangarter TN points out, however, a -1.5% quality control PE would 
equate to 18% of participants having a false negative. Meaning those participants would 
actually not have any bone loss, but according to LSC calculations the patient would be 
reported as having a higher amount of bone loss. If a technician does not catch such PE 
inaccuracy, then the values used to assess Z-scores, whether through the facility’s 
database or the manufacturers database, can be inaccurate. And without a common 
standardization for any of the variables listed above, it may be unclear as to what these 
values truly mean.  
Hangarter TN showed how great of a negative impact a slight PE discrepancy can 
have in a well-researched area of BMD measurements through the use of DXA scans. If 
applied to DXA body composition measurements, an area less researched in literature, 
the impact could be much greater. As it stands the ISCD 2015 Position Statement accepts 
a much higher, and more generalize %CV per technician for body composition 
measurements, specifically 3% CV for total fat mass, and 2% CV for both percent body 
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fat and total lean mass. The ISCD clearly states in the 2015 Position Statements that all 
other body composition measurements: VAT, appendicular lean mass index, 
android/gynoid percent fat mass ratio, trunk to leg fat mass ratio, lean mass index, and fat 
mass index do not have a clear clinical use, and are not given recommended %CV by the 
ISCD. The ISCD recommends to the use of manufacturer %CV recommendations. 
However, in this study, despite the 1% CV recommendation from Hologic, it was not 
guaranteed. Therefore leaving a huge gap for researchers and technicians alike in 
understanding the significance of the body composition values provided by DXA scans. 
Thus making it difficult to analyze any data that shows a great discrepancy, such as the 
15.95% CV observed in WB-VAT mass of this study. 
 To improve the current study, controlling for biological variables by surveying 
participants’ medical history and activity levels, as well as implementing a procedure to 
manage participant food consumption and fluid intake, either through a twelve-hour 
overnight fast, or a hydration analysis would be ideal. 
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CHAPTER THREE 
Future Research 
 
As more researchers, athletic facilities, and clinicians turn to DXA scans for 
accurate body composition and BMD measurements to assess nutrition and exercise 
interventions on health and performance, appropriate data reflecting the contribution of 
environmental and biological variables is essential to the appropriate analysis of scans. 
This is especially relevant when trying to understand observed variations in repetitive 
consecutive scans of the same participant. Variables such as food and fluid intake, 
inflammation, and water retention should be assessed. The ISCD recommends to control 
participants’ activity level and attire at time of scans, but it is unclear how either of these 
will influence PE assessments.   
Additionally, further research needs to be conducted to test the LSC for individual 
components of body composition in specific populations, as significant changes in LSC 
could greatly impact analysis and recommendations in future studies. For example further 
measurements on VAT to compare %CV of DXA scans to CAT scans, the current gold 
standard for VAT measurements, to make better clinical recommendations and improve 
the accuracy of research data.  
Lastly, further research needs to be conducted on methods to standardize 
mechanical calculations of DXA scans across and within manufactures in efforts to 
eliminate variables contributing to PE variations of which we can control. Such 
standardization would allow for uniformity of a clinical piece of equipment so that values 
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produced by one machine can be compared to that of another, and understood by 
researchers and clinicians alike, as currently done with MRI and CAT scans now among 
physicians.  
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